Abstract:Therelationship between the energy of a high-speed proton when impacting onthe N-4 nuclear emulsion plane perpendicularlyand its range in the emulsion was investigated using classical SRIMMonte Carlo programand curve fitting method. A definite analytic expression was derived from this simulation with satisfactory residuals. This resulthas its significance for the prediction of experiments.
Introduction
Nuclear emulsionis made of a gel with interspersed AgBr crystals. It has been amongthe earliestparticle detectors used in high-energy physics and has inherent advantages when detecting neutrons in high energy [1] . Neutrons can be detected via recoil proton tracks in the nuclear emulsion and the neutron energy spectrum can then be determined from length distribution of the tracks [2, 3] . To determine the energy of each incident neutron with respect to the proton recoil trajectory, the usual procedure is to accept proton recoils within a given angular criteria, measure the projection in the plane of the emulsion of the ranges of the recoil protons, and make an average correction to the deduced neutron energies.When using the nuclear recoil method to detect neutrons, most of the energy of the neutrons are passed to the recoil protons.Especially when the incident neutronsimpact on thenuclear emulsion planeperpendicularly, energy of the recoil protons roughly equal to that of the incident neutrons. Therefore, the energy of the incident neutrons will be able to be calculated quickly if the relationship between the energy and range of the recoil proton in the nuclear emulsion has been known. Here, we use the Monte Carlo program SRIM to simulate the energy loss of the recoil protons. And the method of curve fitting is adopted to establish the relationship of the energy and range of the protons.
The simulation principle
The nuclear emulsion consists of the following components: Silver halides, Gelatin and glycerin, Water and Nuclei of CNO group.The glycerin works as plasticizer for preventing nuclear emulsion stack from breaking. It may be pointed out that about 71% of interactions occur with heavy emulsion nuclei(AgBr), approximately 25% due to light emulsion nuclei, i.e. Carbon, Nitrogen and Oxygen, and only 4% with hydrogen nuclei. The number of the main atoms per unit volume of the nuclear emulsion is shown in Table 1 . When a proton passes through nuclear emulsion, it loses its energy by electromagnetic interactions. The energy lost by the proton is transferred to the electrons of the atoms. As a result of this, the later goes to an excited state. If the energy transferred to the electron is greater than the ionization potential of the atom, the electron is free to move from atom and the atom is said to be ionized. It may be mentioned that the most important mode of energy loss of a charged particle is the ionization [4] . The ionization of the atom converts some of the silver halide grains in such a way that they when immersed in a reducing bath, known as developer, get converted into silver grains.
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Therefore as the charged particle passes, grains are formed, showing the path of the particle, which is termed as the track of the particle. So the range of a recoil proton is the average distance traversed by a particle in unprocessed emulsion before its kinetic energy reduces to zero. The characteristics of the track depend on the nature and velocity of the charged particle. Higher the velocity of the charged particle, rarer will be the grain formed by it and vice versa.
The ionization energy loss of the charged particle having charge , velocity and mass when traversing through nuclear emulsioncan be described as the formula (1) 
Where is the average ionization potential, , and are the density, charge and atom number of the main elements in the emulsion, respectively. = ⁄ , is the speed of light, is the number of the atoms per unit volume of the target.
The simulation result
SRIM is a MonteCarlo calculation which follows the ion into the target, making detailed calculations of the energy transferred to every target atom collision. Position of the particle, the energy loss of secondary particles and various parameters are stored and tracked throughout the whole process. Finally the expected values and the corresponding statistical errors of various physical quantities required are obtained. It always refers to the moving atom as an "ion", and all target atoms as "atoms". The impact of the incident ions and target nuclei is described by two-body collision theory. The distance as well as parameters after collision are obtained by random sampling. The incident energy of the proton ranges from 1keV to 14MeV in this simulation. We define a complex emulsion target made of compound materials including the above-mentioned eight different elements. The density of the emulsion is 3.4g/cm 3 .The incident angle of the ion with respect to the target surface is defined to be 90º, along the X-axis at an angle defined as 0º. After all the information are input, the simulation may start. We will find the output file after finishing the calculation as the followingfigure 1.
Fig.1Part of the simulation results
In order to calculate the recoil proton energy accurately, we must have the fit function relation between the energy and range of the protons, which need to meet the requirements of smooth curve and high accuracy. Because the proton energy is high, the argument value of the function will be large whose high-order terms will lead to great impact on the calculation results. In order the function value not to deviate too much from the experiment point, 3 time fitting curve equation will be adopted. 83 data points have been selected from the simulation results that covering the energy range from 10keV to 14MeV to be used for analysis. The cubic polynomial is expressed as formula (2) 
Where (um)and (MeV) are the range and energy of the recoil protons respectively. The parameters of the fitting function are shown in Table 2 . The curve of fitting function and the residual plot of fitting results are shown in Fig.2 and Fig.3 respectively. 
Conclusions
Monte Carlo simulation and curve fitting method are used to establish therelationship between the energy and range of the recoil protonin nuclear emulsion in this paper. This relationship has universality because the data about the nuclear emulsion such as the density and constituents are provided by supplier on the basis of numerousmeasurement results.These results show that we can accurately estimate the energies of the protons impacting on the nuclear emulsion for the reason that the Monte Carlo simulation is an accumulation of a large number of random events. Besides, a fact is to be stressed that the final simulation distributions will scale with emulsion density, so any discrepancy in density will directly transcribe into differences in ranges.
